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SECTZON I

INTRODUCT ON

Xn October 191.1, the- Analjsis Section ot the Tactical

S staes Oevelopment Branch (TSOU) at MCTSSA conducted a concept -

test to deteonine it a proposed work station mix for an auto-

noted battalion lev*l combnat operations center (CC) was

excessive (so "Battalion Cotnbat, Operations Center (COC) Test 6

Report m, MCTSSA Oocuqent No. =TIG1/U-TRP-I1 dtd 8 Feb 192).

Ourint the conduct of this test it was noted bw test Observers

that a significant number of the test participants, elected not

to use the nap background on the auto"qaotd graphics displaj

terinals usd tor the test (the participants had the abilitv

* to select or desolect the tnav background at will) *A number of

-comvents, ,ade bij the Participants at the, conclusion of the, test

indic"ted. that the rationale for not usins the nap background

tell tn. two general c8t*eoris. Sonm of the participants -

incLicated that the nap background *simplj was no4. ne cssar tor

the ftnctions thi wer performting. Other participants indi-

outead that the niap backqround was mat used because its pros-

ene, toaqther with all of the overla*j s~jpboloV-, caused a

Clutter prOblefe.

This unexpected but interestint findint ug ested that &

tollow-on test, designed. to investigate, the, functional utilitu

Of the nav background, should be conducted. IZt it could be

..



detae ned that the map backqround does not signi-ficantl%

increse the effectiveness of the displav then it m'i1eht suggest

that. less saphisticato4, less exptnsivep liqhtor wei2ht tquip-F

ment could be provided for the automated CCC at the battalion

level.

The pr'iarV aim of the Graphics Displaj Test#, then, was to

determitne whether or not there it a statistiaall~v siqnificant

differenc* between the-functional utilitj of a 2raphics displa~i
I

with a map back2round and a graphics displaj without a 
map

baclikround. As a related question, the Graphics Oisplavj Test

also invtitated the effect of d.splaj sie as it relates to

the functional u+.ilit~j of a traphics dlispla'j.

zS
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2



SECTION 2

OESCRIPTION

2.1 REFERENCE. For a more detailed discussion of test design,

ts, procedures and data analisis ethodoloqd, se "Graphics

Oisplaw Test Plan" (MCTSSA Oocument No. 2 .TG1/U-TP-G1 dtd
S

I Fet 1902).

2.Z PURPOSE. The purpose of th-e Graphics OisplaJ Test was to

assoss the effects of the presence/absecce of a map background

and of' displaej size as thev rolat e to te functional utilit- of

"e, grophies displav for the battalion level Tactical Com+bat

Operations (TCO) supported Combat Operations Cent e (CaC).

Z.3 PROCEDURES

Four displa&j tpes (designsted tvpe A, S. C and 0) w ere

tested. T'jp* A was a large displaod (approximateol 10-3/i" b'j

14-3/4n) with a map backtround. Tjpe 8 was a large displa J

without a map background. Tjpes C and D were small displajs

(approximotel- 4-1/21 bu 4-1/2") withl and without a map back-

ground respctivelj. Ebuft displav tjp* was utilized for twelv*

test iterations to that each level of the two factors (,,ap
background and size) were tested twent j-four tims.

Test participants consistad. of twentV Marine Corps and

four U. S. ArmV officers holding prisar ground comqbat MOSs

rand/or current or recent tactical experience, bij virture of W

3



formal schooling or billet assinment*. Each participant wont t

throuqh two test iterations utilizing two of t4 e four displad

t~pes. •

Each test iteration'ss conducted against one of two sc*-

nario variations (a different scenario was required for each

iteration thet a particular participant prformed). Both sce-

narios involved a reinfarced infantarv' battalion conducting

independent operations within an assigned tactical area of

responsibilitv (TAOR).

Z.4 ONJECT'.ES

Two objec'tives were established far the testl evaluation

ot the eff tiveness of the four displa j tspes in providing

assistance to the cona der and assesseont of' the user compat-

ibilit! of the variou$ displavs.

Effectiveness evaluations involve measuretqents of observ-

able phenamena and produce nupwrical results which are directil'

obtainable. Two effectiveness indicators were measured during

the Graphics Oispla'j Test:

- Cumlative tine required to obtain six pieces of

tactical infornation

Total score received an the answers to six tactical

questions as a function of the graphics display

utilized

I



Compatibilitv assessments involve elicitation of test

participant appraisals/opinions and do not alwats vieod quan-

titative results. Zn these case where quantitative results r

aoe obtaine*d, it s usuallv through indirect teans. lwo can-

Rptibilitv indicators were used durins the, Graphics Displav
rest:

- Prticipants' ordinal judgeients of t"e disolavs

Subjective cornents/opinions expressed b the

the participants

Z.5 GV GALZZ TIST FACZTf . The capabilities of the

traphics displaw equipmmt utilized b% an autoefatd battalion

COC weare simnulat" bos KCTSSA's Generalized Test Facilitv (GTF).

AlthouqW the GMF graphics terminals do not phssicallis" 4e*le

the hardware envisioned for MTACCS, thej can be configured/

* controlled to closeli simu~late kev characteristics of this

hardwar*. For this test* a high resolution digitalized map was

utilizd to siulate, the presence ot a paper eoap inserted

behind a transparent traphi s displati. Additional graphics

capabilities of the GT1 equipfqert was utilized to produce

Pcanchronatic red ovorlasJ consistinq ot st.andarrd militarts

simbebaqu oar units and control measures. The s'vbologv ror

4 applicable, units was made to move across the displav in near

rtal-tie t (simulation of P..RS) in accordance with thie scenario

p
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being utilized. The size of the disPlav was controlled thr~ough

use of maskjng, over lavs and the digitalized map was d .splaved

or supressed in accordance with the displaj tvpe being tested.

IP

$ U
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SECTION 3

RESULTS

3.1 ECRAL
S

This section describe% the resjt used to satisfj the

bjective stated in Section 2. The data, towether with sum-

marv statistics and interpretations as, to the statistical sic-

nificance of the data, are Presented.

Zn order to facilitate the presentation, the following

deftnitios and conventions are appropriat. Analvssis of var-

tance (ANGOA) is a commn statistical tochniequ which tests the

*hpothesis that there is no statist l differnce, between the

mean valuo of data drawn from two or- maP populations. The

ANGIV procedure results in a statistic called tho F-statistic.

Carrespondinq to the F-statistic is a P-value Car signiftiance

lev-) which iS an expression of the probabilit ; that, if te

hupothesis is rejecatd, jou are rejectins the true case.

Rejection of a truo Mipothesis is called "+%jpe Z error,. Zt is

important to r*elize that the probabilit of tupe Z error is a

conditional probabilituj i.e., it anlv has meaning if the

hwothesis is rejected. It is not correct to sa that, if the

hspothesis is not Pjectd , dou have a probabilit o ane minus

the P-value of being carrect.

7
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For the purposes of this discussion, a difference between

the measures of performance for te four dsplaj t'ipes will be

considered statistio 1vj significant onlj if the probabilitv of

tjpe Z error is equal to or less than one-t*enth. Zn other

words, the hupothesis will be Pejec+ed onl~j if there is no mare 1
than a ten percent chance of beine wrong in doing so.

3.2 IFFECTZVNESS RESULTS

Two measures of performance (MOP) were utilized to eval-

uate the effectiveness of the displasis in providing asssistance
to the cormmander. The first measure (MOP L) was the tota,1l

amount of tie, (in seconds) required to obtain six, pieces of

tactical inform.ation from the displavJ. The second measure (MOP

1b) was the total score achieved on the answers given t4 si:x

tactical questions a a function of the displai being utilized.

The results of' these measures ar*e contained in Tables 3-1 and

3-Z sespectivelvj.'

For bott measures of performanoe, three hapotheses were

established. The three hupotheses were; that no tstioticallvi

significant difference existed between a large and a small

displa~j size# that no statistical~j sionificant difference,

existed between s displa i with and a displaqj without a map

-4 backlorund, and finallv, that there was no significant inter-

action effect between displa%j size and the presence ot-

1.

I
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TABLE 3-1

TOTAL TZ14E REQUZRED TO
OBTAIN TACTICAL fIFORMATION a"

(MaP 1a)

Lai s* Dsp1a'v Large Oisplaj Small Dispias Small Disp avj 5

with -without with wthti
map Sackevnd Map 1acke11qnd map scI.ktsnd Map Sackgrnd

342 338 310 577
314 373 22 47"
155 467 25 49
256 26 464 6
373 3:31 191. 267
216 "52 279 274
4W5 694 318 460
381 .234 2 352
422 531 346 376
35! 645 706 618
434T 461 27268
3*60 404 see 376

349 423 345 433

Aveiaqe withr Map,3 acigiround 347 I

Avelaqe without Map Background: 431

Av Page far Larege Otoplav* 39

Ave ae for Small Displaw 369

o verall AveroIa 389 ltd. Deviation: 134

Hote: Timm are to nearest wholo wmond

ii ° " i - . . . . .



TABLE. 3-2

TOTAL SCORE ON
TACTICAL GUEST'ONS

(MaP 13)

Large Otsolaj Large Displavj Small Oisplau Smqall Dtsplavswith without with Without
Map S4 ~k;n l Map ackqprnd Map sackqrnd Map Backrnd

2.7 49.2 44.8 31.5
30.6 47.7 53.1 45.6
37.5 26.7 47.0 36.9
31.6 22.5 39.6 45.7
45.4 33.5 38.5 36.0
41.5 32.3 42.5 45.6
33.6 38.4 35.8 34.8
32.9 42.2 49.5 33.Z
4.3 37.3 39.4 37.6
47.8 36.7 55.4 36.9
45.7 31.1 42.2 46.3
Z4.9 49. 0 13.5 31.1

Aver m os a,

376. 37.? 163.

Ave'rae with Mapa Background: 39.5

Avesaq without Map Sackeraund: 37.9

Average faiw Larqe OisplaV: 37.3

Averaqe for Small ODisplaj: 40.1

Overall Aveagae, 38.7 Std. Deviation: 9.4

Not*** Range of possible scares we% 6 to 64 p

10



or absence of a ,map background. Table 3-3 contains the ANOVA

Table for the first measure of performance and Table 3-4 is "e

ANOVA Tablo for the second measure of performance,

BlOed on the conventiotn stated in paragraph 3.1, onlj on*

s"tistICILIV stgnificant difference between displaj t Ps was

indicsa d. SPecific s8lli a statisticallj si nificant dif-

f9rncO, aS nessur-d bs the mean ti :e requtred to obtain tac-

tical informtation (MOP Is), was found to eist botween the

disPlaV with and the disPl*j wtb~Oul a map background. The

* preseOnc* or' absenc* of tho soap background we* not a significant
factor when neasuwed bV total scope received (mOP 1b), Oispla~j

size w*s riot a significant factor when measured b'j either of

* th'e MCPS and in both cases, there, was not a, significant inter-

action effect.

3.3 COQP*TZ3L33.ZT RESULTS

Two measuares at user Compatibilitu were utilized. The
first measure, (MOP2s) was the .ordinal Judgements o he pa "r-

ticipants as to their assessment of the compatibiljit of the

four dipa lams. The second qessurwe (MP Zb) was the subjectivy

cc coewlts/opinions expresd bj the Participant.

S
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TABLE 3-3

ANCOA TABLE FOR MOP Is

Soue Oes. of Fr1eoat Sust of Sqrs Mean Squasve F P-LIelue v

six& 1 15.0 15.0 .001 .97

Vav 1 84008.5 84008.5 4.84 .03

ZrIt..ction I. =.22.5 2=.S .013 .91.

Res:Luul 44 763644 * 0 1735 *S

TAW. 3-4
I

AMOY* TABLE FOR MCP lb

Source, Des-. Of Freedot Sun of Sqrs Mean Square F" P-Yalue,

Size . 97.8. 97.8 .37 .2!

Map 2. . 29.9 .416 .32

* ntevacton t 2.7 25.7 .356 .5!

fte~ ull1 44 "169.7 72.1

-!p



The first measure was 4uanti1'iod bvj constructing an

:3

intervail seals, fro#*e the ordinal. judsefienfts (see "Graph~ics Ots-

plaj Test Plan" for details). The ordinai judgements are sum-

'ariz in Table 3-5 and.resulted in the following interval

The two obvious groupings are displav tvjpes A and C at the

high end of the scale and displa%j tjpes S and 0 at the lower

end of the seale. This result indicates that the participants

felt that the displais with a a background were more comat-

ible than the displaus without a map bacKground and that& within

each of these groupints, the large displav was preferable to

the sell dispao. An additional observation is that the"

interval between C and 9 is great4r than either of the intra-

group intervals*. This is additional eviden e that the partic-

ipants considered the map background to be the dominant factor

in deteteinine the user coepatibilit' of the displaj.

The Kendall coefficient of coneardance was utilized to

test the h~pthesis that the participants *er* inconsistent in

establishing their ordinal ranking*. The results were tha.

this hfpot.gsts can be rejected with near certaintj (P-value

less then .o1).

13
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TABLE 3-5 p

PARTICZPANTS' ORZINAL JUOGETS

This table rtflacts the number of participants who rankod 5

displaqs "" above displaj "ille

I i I I I1 3 z
* I l I I I

S! 22 . 20 ' 6
I I I I a

I I I I I

C ! l '21 3 ' "

Hot** When cross diatonal *1*"*nts do not sun to 24, either

a tie or a failure to draw a comparison is indicatod

14
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The second measure ot user comatibilt j was quantified 5

onlj to the extent that percentages of participants expressins

ascon ainion wore identified* The followinq paragraphs are

a smmnarv of the Participants' written comments. Thev are

presented in descending order of the requen,c with which the

comeW'rt was Read**

The nost frequent comwent. made was an expression of a

strong preference for a displawj with a map background*

Approxim tali sixtwj percent of the participants exprosseod this

opinion. Of' those who gave a rationale for this opinion, the

most frequent was the difticultj o correlatin. intoration

betweenr the displau (without a map backtround) and the paver e

Appraximatelu twontu-tfiv* percent, of' the participants

expressd the opinion th+. the '*ideal displaij would. give the

user the abilitw to call up or eliminate the map background at

will#

Approximat el twentv percent of the participants objected

to the monochromatic red overla-4s. The most frequent rationale

given wao the tandencv for the red overla% intormation to blend

into the map colors. One participant felt that the red svm-

bolo" would present a serious problem in a red light environ-

ment dutins nigot operations. V

Is
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A strong preference for the large displav si=e was

expressed Wi sixteen percent of the participants.o

Apwroximatolv eiqht percent of the participants expressed

a strons preference for a displav without a mp background.

The rationale was that a map background is nat usuallv meces-

sar for fire support coordination relatod functions and that

when detailed terrain stujdi is necessarjp it is easier to per-

for", usint a paper map.

One participant (approxiqatlvg four percent) expressed the

opinion that a displas theat could present onl. a few map high-

lights, i.eo, kev terrain, roads, otc., would make it unneces-

sarv to have a detailed na background. The rationale was that

a tomap highlights would mak "te, correlation of information

betaweein th* displa'j and an accompaniins paper map mujch easier

to accoeplis,
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SECTZON 4

OZSCUSSZON

4.1 Er-CTVI[NESS EVALUATZONS

The analvists for Objective I uncovered a statisticallu

siglrifitant difforenco in the amount of time re.quird "to

extract tac+ical tnforfation from a displaj with a map back-

S tround as Compared to a disp;laqJ without, a map backeround.

This was true irrespective of the size of the displa.

Zt is important to understand that the term "StltStcall

signiftcant. differeno means that. thor. is s.ran% statistical

evidenc* that the measured difference in the mean time to

extract itnformation is a true diftarenc. as opposed to a random
w

accurencoo. That the, diferenc, is ttiicl significant,

does no+ nec*ss4etls mean that the differenc, is operationalL-a

significant. Additional onalvviss mav aid the reader in making

a determination as to the, operational stanificance, of the

results*

The difference in the measured meon time required to

extract inforetion frmo the moo background displai as co par d

to the no map background displaj was *tihtw-four seconds or a

V
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twentv percent decrease in time. A two sided, ninet~j percent

confidence limit for the difference between the two mtean .tios

is:

Prababilitj 1.9 sea < True Oifference < 1.49 sec ) e .9

This represents a rante of reduciian in time of between

four percent and thirtv-five percent when compared to the meen

timo for a n map background displav. Stated another wa., the
IIII probability that the presence of the map background results in

a tinie reduction ot between four and thirtv-five percent is

nine-tenths. The ,axi,,,uo likelihood estimate for the time

reduction is twntv percent.

The data analvsis for Objectivo I found no other otatis-

*tica11% significant differences between displa~j tjpes. That is

to soup the, statistical evidence is that all other observed

diflferences were, ando ocurtnes and do not reflect *n true

* diflferenc*. The imol1iction, is that,. whils, the test partici-

pants were able to wer.k faster wiith the displaj tipes that

included a map background, they were not able to work anv more

accuratelv with one displav as co pard- to another,

4.2 COMPATT3ZLZTY ASSESSMENTS

43i

A high degroe of consistene existed between the two

meesures if Performance utilized for an assessment of the User



cotpatibilitv of the displa-s, So"4 the ordinal judgements and

the written comments of the participant indicate the belief

that the presence of a map back2round on the 2raphics displav

enhance, the user compoatibilitv of the displaj.

4.3 L.ThZTKD SCOPE OF TEST

This test was conducted as 8 follow-on test to the

Battalion Combat Operations Centoer (COC) Test and was desiqned

to addrwss the specific issue stated in parauraph Z.2 of this

report*. Within the liited scope of this tes*, the results
p.

indicated, soe advantate$ of a araphics dispal that has the

cap*bilitv of includins m qap background. Zssues such as cost,

Ststa. develOpiqert time, stjst lw mbilitv at the battalion level

and manj others wer not considered.
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